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A warm glance from
Siberia
For many years (and even decades) vision in
the dark through the use of infrared radiation
emitted by any body, held at non-zero
(Kelvin) temperature, has been a monopoly
of military all over the world. Russia, of
cause, is no exception. The times have
changed dramaticaly during the last decade
and now the huge scientific, technological,
man-power and even managerial potential of
military-sponsored R&D has surfaced in
Russia,  to serve quite peaceful and human-
oriented purposes.
Everybody knows that a body held at ambient
temperature (~22 oC or 295K) emits plenty of
photons with wavelengths in the infrared region
of optical spectrum peaked at about 9.6µm.
But not everybody knows that a fine structure of
his (or her) thermal emission pattern carries a
wealth of information about health.This is exact-
ly the target for medical thermography.
This story is about InAs MIS-based thermal 
imaging systems developed at the Institute of
Semiconductor Physics (ISP), Siberian Branch of
the Russian Academy of Sciences in Novosibirsk.
Devices capable of detecting these low-energy,
invisible-to-human-eye, thermal photons are IR
photodetectors.These are usually made from 
semiconductors with the appropriate band gap,
in which the absorbed light energy quantum is
transformed into a pair of charged particles 
(electron-hole pair) that can subsequently be
handled within a device, in order to produce
readable electrical signal at the output.
InAs MIS array 
photodetectors
There are many types of photodetectors, but the
team at ISP hangs on InAs metal-insulator-semi-
conductor (MIS) arrays. Indium arsenide was
chosen simply because it can effectively detect
photons with a wavelength of about 3µm and
provide optimum temperature resolution (down
to 10 millikelvins), not obscured by high back-
ground radiation at ~9µm.
That has always been the problem for the old-
fashioned mercury-cadmium telluride-based ther-
mal cameras, with linear detector arrays mechani-
cally scanned in one (perpendicular to the array)
If Siberia conjurs up the image of a rugged, frozen, inhospitable region it is good to see its
summer face.  Equally good to realise that compound semiconductors have a fine fighting
power against disease. Photo courtesy Dr Alexander Klimov.
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SC: Boris, your PhD work was
about the physics of InSb MIS
structures. Now you are best
known as an expert in bio-
medical applications of IR
thermography. How has it
happened you have switched
fields almost completely?
Dr Boris G Vainer: Since the
work with InSb was completed,
our attention was attracted to
InAs. During the last several
years, we have succeeded in
finding that InAs is exclusively
appropriate for use in CID-detec-
tors designed for infrared ther-
mography systems working at
room ambient conditions. In
1996, on the basis of InAs FPA,
we made our first IR thermo-
graph intended for medical
applications.
When I plunged into biomedical
IR-imaging sphere, I understood
that the main problem putting
obstacles in the way of wide-
spread adoption of infrared 
thermography by medicine was
the scanty knowledge which 
concerns physical and physiologi-
cal mechanisms responsible for a
forming of heat pattern on
human skin. 
In addition, the huge part of
the IR diagnostic methods are 
based on the results obtained
with the use of old-generation
thermographs. These methods
usually do not take into account
time dependence and tiny
changes in temperature that are
available to be registrated by
FPA. Since then, I extended my
scientific interests to these topi-
cal problem.  By the way, in the
process of solving these, we have 
managed to apply infrared 
thermography to cosmetology. 
Some illustrative samples of the thermograms
measured with the help of the FPA 
thermographs
Sergei Chikichev talks to one of the developers of Siberia's  award winning IR thermography equipment
The two faces of Boris Vainer - man and thermograph
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direction.These are slow, noisy, and quite
stressful for the patient, who must sit still
in front of the instrument.
The heart of the Siberian device is a 128
x128 InAs MIS-capacitor array flip-chip,
bonded to the silicon processor, provid-
ing fast two-dimensional electronic scan-
ning of the scene, with up to 200 frames
per second, the image being directly 
displayed on PC screen (Fig.1).
Key to success was the fluorinated anod-
ic oxide interlayer on the surface of InAs
wafer (see Fig.2) which permitted pro-
duction of MIS-based charge storage
capacitors with excellent characteristics.
Suffice it to say that this technological
trick (embracing several know-hows)
allows the production of the oxide/InAs
interface with surprisingly low density
of interface states (Dss ~10
11 per eV per
cm-2).This seems to be one of the best
results achieved in the whole III-Vs 
family.
The focal plane array, placed in a small
cryogenic enclosure, is cooled by liquid
nitrogen and is fully operational during
10 hours, without refilling.
Medical thermography provides a quite
an effective method for early and sensi-
tive detection of inflammation and
tumors of the skin, brain and spinal cord,
vascular thrombosis, arterio-sclerosis,
arthritis etc.
Diagnostics
To be able to detect breast cancer pre-
cursors at the very beginning of the 
disease is of paramount importance for a
timely and appropriate cure.
In that respect, thermal imaging screen-
ing is second to none, being quick, non-
invasive, highly informative and comfort-
able for the patient (but only if under-
taken and interpreted correctly!)
In the harsh, and somewhat disordered,
Russian economic environment, it is
not an easy undertaking to produce
and sell such sophisticated, and less
than inexpensive, products.
Nonetheless, the ISP team was able to over-
come many expected and unexpected
obstacles on its way to customers, and dur-
ing the last few years it has delivered its IR
imaging systems to many hospitals and
medical research organisations all over the
country, and even abroad.
The equipment has also been awarded
several prizes for first class quality at
specialised exhibitions.
It is clear that semiconductor-based
high-tech products have literally 
revolutionised medical diagnostic 
instrumentation and methods during
last decades and continues to do so at a
very impressive rate.
Siberian semiconductor scientists and
technologists evidently contribute to
this progress, at least within the 
domestic market of Russia.
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Fig.2  Cross-section of individual
photosensitive cell. Highly -doped
InAs substrate (2), with back-side
antireflection coating (1), is over-
grown by thin low-doped (n ~
1015 cm-3) epilayer (3). On the
surface of the epilayer the dielec-
tric film (4) is formed by anodic
oxidation, followed by photolitho-
graphically defined gate electrodes
(5) provided with indium bumps
(6) for connection with read-out
cell of silicon processor. Under the
gate, the depletion layer (7) is
formed, which accumulates holes
(8) generated by absorption of
infrared radiation coming from
backside. The device is sensitive to
photons in the narrow spectral
range of 2,7-3,1µm, defined by
the band gaps of heavily doped
substrate (increased due to Moss-
Burstein effect) and epilayer.
The award winning equipment at work in Russia (courtesy Dr.Valery Efimov)
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